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ABSTRACT

The purpose of this paper is to contribute to research probing the underlying role human capital plays on economic growth in 1985-2011 for 17 developed 
and developing countries. Firstly, we examined the determinants of human capabilities and formulated a new human capital index (comparative human 
capability index). Secondly, we analyzed the relationship between human capital and economic growth using the endogenous growth model. Results of 
the panel cointegration tests support a long-run positive relationship between human capital and economic growth in both developed and developing 
countries, however, our results show that human capital is more effective in developed countries than in developing countries.

Keywords: Human Development, Economic Growth, Panel Data 
JEL Classifications: O15, C33

1. INTRODUCTION

The levels of income gaps between countries that have experienced 
two world wars, local or global crisis and local wars became more 
apparent in the 20th century. Nowadays, the difference in per capita 
income between the world’s richest and poorest countries is 500 
to 1; however, this ratio was 10 to 1 in the 1900’s. Why do these 
differences still exist among countries in the 21st century? How do 
we eliminate their divergence? In reality, developing countries are 
generally growing faster than developed countries. The per capita 
income of some developing countries is constantly increasing; 
however it is apparent it is very difficult for them to reach the 
levels of development in developed countries. Developed countries 
have always had high per capita income as a product of having a 
skilled workforce that can produce technological advancements. 
The gap in human capital between countries should be closed if 
economic growth attends to human capital.

Human capital is the process of improving human capabilities. 
Its determinants are physical capital, social change, personal, 
social and political rights. Secondary education, training, 
economic efficiency, physical, mental and social well-being are 
all requirements for human capital improvement. Nowadays, it 

is clearly understood that the expansion of human capabilities 
is an important factor for economic growth and development. 
This concept however has been brought into question recently. 
Following criticisms in the 1970’s of a material well-being or 
physical goods and services-based development approach, the 
criticisms became focal point of discussion when determining 
issues of standards or quality of life, poverty reduction policies 
and income distribution inequalities in the scope of “human-
centered approaches.” One of the human-centered approaches is 
the “Basic Needs Approach,” developed by Seers (1969), Streeten 
(1984) and Stewart (1985). These researchers apologized that 
the real aim of development is to realize basic needs and to 
improve the quality of life, with acquisition opportunities for 
a full life. The most effective approach in the explanation of 
human development is the human capabilities approach, which 
was first developed by Amartya Sen and Martha Nussbaum. This 
approach was derived from the concept of human rights which 
are the so-called “first-generation rights” (political and civil 
liberties) and “second generation rights” (economic and social 
rights) (Nussbaum, 2003. p. 36). In similar studies, Sen focused 
on two concepts which are the so-called “functionings” and 
“capabilities.” According to Sen, functionings are the regulations 
of beings and their actions. These have been simplified using the 
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following example by Sen. Having a bicycle provides mobility, 
but to be able to cycle achieves a better life. The roots of this 
approach are based on Adam Smith, Karl Marx and Aristotle 
(Sen, 1990. p. 43). Human capabilities contribute not only to 
economic growth but also to social development because they 
realize healthier lives, improved education, freedom and equal 
human rights (Sen, 1997. p. 1960). Wealth inequality gives an 
overview of economic development; but wealth is not sufficient 
to clarify the quality of life (Sen, 1990. p. 52). If the quality of 
life is more important in the process of development, people 
who are successful in their lives occur in the center of economic 
development (Sen, 1984; 1987; 1990; Qizilbash, 1996. p. 1210; 
Griffin, 1989. p. 10). Sen emphasized that, differences in human 
capabilities can arise from personal factors such as physical 
or mental heterogeneities among persons (such as disability, 
illness), non-personal resources (such as public health care), 
environmental diversities (such as climatic conditions, epidemic 
diseases) (Sen, 2005. p. 154). Qizilbash (1996) and Griffin 
(1989) have used Streeten’s “Basic Needs Approach” and Sen’s 
“Capabilities Approach” forming a lengthy “living life list” 
improving the well-being value concept. David Clark, who 
conceived of concept of human well-being using the values and 
experiences of the poor, found that the perception of a good life 
in South Africa where; jobs, housing, income, family, religion, 
health, good clothes and safety paramount (Clark, 2006. p. 8). 
Anand and Sen who were the first to have used the concept of 
human development, improved their approach and implied that 
not only present generations but also future generations should be 
protected from ill-health, undernourishment, illiteracy, poverty 
and other forms of deprivation in the concept of sustainable 
human development (Anand and Sen, 2000. p. 2030).

The quality of human life should be improved for sustainable 
economic growth and development. Therefore, human capital 
has been used as an alternative indicator in contemporary growth 
models. So for the first time the importance of human capabilities 
was included in addition to physical capital in the 1960’s economic 
growth studies. Schultz (1961), Becker (1994), Arrow (1962) 
have all emphasized that education, skills and health investments 
besides physical capital have an important role on economic 
growth. Schultz (1961) believed that health services, elementary 
education, secondary and higher level education and training 
effect the productivity of human capital. Becker (1994) noted that 
investment in human capital (schooling, training, medical services, 
child care) has an important effect on the differences in earnings 
among people. On the other hand, Arrow (1962) determined that 
labor productivity is increased by “learning by doing” in the 
long-term. According to Uzawa (1965), technological knowledge 
is embodied in labor and improved in labor efficiency. In this 
context, Romer (1986), Lucas (1988), Rebelo (1991), Barro and 
Sala-I Martin (1995) analyzed the relationship between human 
capital and economic growth using the endogenous growth 
model. Romer (1986) used both increasing marginal productivity 
of knowledge and decreasing marginal productivity of physical 
capital in his model. Lucas (1988) discussed the importance of 
human capital accumulation on economic growth and international 
trade through schooling and learning by doing. Rebelo (1991) said 
that investment of human capital is very important on economic 

growth especially when physical capital is restricted. Many 
researchers who followed these studies have tested the endogenous 
growth model. Some of these researchers such as Barro (1991), 
Benhabib and Speigel (1994), Barro and Lee (1996), Mankiw 
et al. (1992), Sachs and Warner (1997), van Zon and Muysken 
(2001) used a number of different variables such as education, 
health, demographic characteristic, skills, technology, R and D, 
infrastructure, institutions, government investments. Following 
which it is now generally accepted that the improvement of human 
capabilities with the gain of labor productivity contributes to 
economic growth, in addition to an improvement of human values 
contributing to economic development. In contrast, according to 
some researchers such as Benhabib and Spiegel (1994), Islam 
(1995), Pritchett (2001), Temple (2001), Hanushek (2013), 
Glewwe et al. (2014) the effect of human capital on economic 
growth is negligible.

Nowadays, most researchers who have studied human capital and 
economic growth have established similar results. Castello and 
Domenech (2002) calculated a “human capital gini coefficient” 
using the indicators of schooling years and population. They 
found an inequality of human capital is greater across countries 
than within each country and observed a strong correlation 
between the Gini index and life expectancy. According to Wigley 
and Akkoyunlu-Wigley (2006) educational attainment has a 
significant effect on life expectancy by way of income growth in 
developing countries. Costantini and Monni (2006) emphasized 
that economic growth is positively influenced by human 
development, trade openness, quality of institutions and natural 
resources endowments. Mukherjee and Chakraborty (2010), Suri 
et al. (2011) realized a two-way relationship between economic 
growth and human development. Not only human development 
measures basic human well-being but also it is an important input 
into economic growth. Fleisher et al. (2010) found that human 
capital investment in less-developed areas of China can more 
achieve economic efficiency because it contributes to reduction 
in regional inequality. Dias and Tebaldi (2012) emphasized on 
structural institutions that are rooted on the historical development 
affect long-term economic performance, while political institutions 
are uncorrelated. Acemoglu et al. (2014) show that differences 
between human capital and institutions and found that the impact 
of institutions on long-run development is robust.

This paper aims to contribute to research on the role of human 
capital on economic growth. In this context, we examined the 
determinants of human capabilities and the relationship between 
human capital and economic growth based on research in literature. 
Following which, we investigated key indicators used to measure 
human capital or human development performance in developed 
and developing countries. An alternative human capital index 
has been defined and calculated, providing an alternative method 
of making comparisons to levels of human capital in countries. 
Moreover, we attempted to analyze the impact of human capital 
on economic growth using an endogenous growth model. We 
analyzed the different effects of human capital on economic growth 
using panel data from developed and developing countries. Finally, 
our results show that human capital is more effective in developed 
countries than in developing countries.
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2. MEASUREMENT OF HUMAN CAPITAL

“Human development is development by the people of the people 
and for the people” (Alkire, 2010. p. 25). The basic purpose of 
development is to enlarge people’s choices according to Mahbub ul 
Haq, the founder of the Human Development Reports. Human 
development is defined as “to be healthier, access better knowledge 
and achieve a quality life.” The purpose of development is to 
improve the choices of people in economic, social, political and 
cultural life (UNDP, 1990). Human development index (HDI), 
measured by the United Nations Development Programme 
(UNDP) is a human well-being process that shows improvement 
of capabilities, health, educational attainment and all standards 
of living indicators.

The relationship between human capital and economic growth 
has been examined on the basis of data gained from the following 
researchers’ findings on HDI (Anand and Ravallion, 1993; 
Ravallion, 1997; Ranis et al., 2000; Ranis, 2004; Mukherjee 
and Chakraborty, 2010; Shome and Tondon, 2010). However, it 
has been deemed by some researchers that key indicators used 
by the UNDP to measure HDI are not sufficient. Health, life, 
education, decent standards of living, political freedom, creativity, 
productivity, the environment, culture and the arts are the only 
possible valid dimensions because no other fixed-list of a human 
dimension and its development exists (Alkire, 2010. p. 9). There 
are several studies in the literature, which have used alternative 
gauges to measure HDI. Morris (1979) using life expectancy, 
infant mortality, literacy; Dasgupta and Weale (1992) using 
income, infant mortality, political and civil human rights; Qizilbash 
(1996) using health, shelter, security, literacy; Nussbaum (2000) 
using human capabilities such as life, health, senses, thought, 
emotions; Narayan et al. (2000) using various dimensions of 
well-being; de Toledo Piza and Kuwahara (2009) using health, 
education, income, housing, infrastructure, access to information 
have measured different human capital indexes and compared 
the differences among countries or different regions in a country. 
Moreover Noorbakhsh (1998) suggested some improvements to 
alternative indices on the same components of HDI. Raya (2001) 
has measured an index best known as the quality of life index that 
includes key indicators of human capabilities; to be well-nourished, 
educated and possessing the capability of healthy reproduction in 
the Philippine provinces. Alkire et al. (2014) also approximated 
global multidimensional poverty index using ten indicators 
relating to health, education as standard of living. Similarly, social 
progress index that is composed of basic human needs, foundation 
of wellbeing and opportunity dimensions has been calculated for 
50 countries since 2013 (Stern et al., 2014. p. 4).

3. COMPARATIVE HUMAN CAPABILITY 
INDEX (CHCI)

In this study, we have formulated a new human capital index in 
conjunction with the UNDP’s HDI method. Our “human capital 
index” however, also included economic (gross domestic product 
[GDP] per capita, domestic savings/GDP, trade/GDP) and social 
components (life expectancy, secondary schooling, GDP per 

person employed). This new index, called CHCI provides an 
alternative method of comparison when determining levels of 
human capital.

Figure 1 shows the indicators used in the measurement of CHCI. 
Indexes which reflect the improvement in economic wealth and 
social infrastructure are measured by means of six indicators. 
These indicators are out-lined in the following section.

3.1. Economic Wealth Indicators
Three of the CHCI’s indicators are used to determine economic 
wealth. Firstly, the level of GDP per capita is an indicator of 
material well-being in conjunction with the indicators of savings 
and trade, which all indicate access and usage of domestic and 
foreign income for a country. If economic wealth increases a 
greater proportion may be spent on education, health and careers 
by households and governments alike.

3.1.1. GDP per capita (constant 2000 US$)
GDP per capita is the most important indicator in the measurement 
of a country’s developmental process. This indicator has been used 
as an indicator to quantify human capital, particularly UNDP’s 
HDI and others. A high level of income is required to access 
the resources that create higher standards of living. In this way 
it can provide health care and educational opportunities, better 
nutrition, and the prevention of many kinds of deprivations. The 
underlying concept is a greater expansion in an economic wealth 
achieves economic freedom by ridding a country of the material 
deprivations. In an economic development approach founded on 
“human-capabilities” many researchers have measured human 
capabilities using criteria have used GDP per capita as an indicator. 
It has been used by Morris (1979); Dasgupta and Weale (1992); 
Qizilbash (1996); Nussbaum (2000); de Toledo Piza and Kuwahara 
(2009) and in the measurement of UNDP’s HDI since 1990. GDP 
per capita has also been taken into consideration in conjunction 
with other human capital indicators in the all of these studies.

3.1.2. Gross domestic savings (percentage of GDP)
Gross domestic savings is another indicator of a material standard 
of living. Firstly, it is commonly perceived that savings indicate 
an individual or social dimension of human capital. The ability of 
savings which is an important indicator of the level of income, can 
improve in different dimensions i.e., human capital. Demographic 
factors may have an effect on workers’ health and productivity 
through their effect on savings. High life expectancy and low 
fertility rates may have contributed to increasing savings rates 
(Bloom et al., 1999. p. 13). Chakraborty (2004) has emphasized 
that low savings and health investment rates cause high mortality 
rates in societies. According to Bloom and Williamson (1998) 
increased savings lead to low fertility. Human capital impacts 
and is impacted by economic development strategies. Bloom and 
Malaney (1998); Bloom and Williamson (1998); Hamoudi and 
Sachs (1999) and Sachs and Warner (1997) have all focused on 
government savings.

Current savings influence future generations’ wealth and economic 
performance. Genuine savings has been created with this in mind. 
Genuine savings or net investments were estimated by World Bank 
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in 1997, these reflect a change in natural and human capital. Gross 
national savings is the difference between gross national income 
and public and private consumption and it is an added investment 
of human capital (educated expenditure) and is subtracted from 
a depletion of natural resources (World Bank, 2006. p. 155-157). 
There are some studies on the relationship between savings and 
future well-being (Ferreira and Vincent, 2005; Hamilton and 
Clemens, 1999; Hamilton and Hartwick, 2005).

3.1.3. Trade (percentage of GDP)
Trade or in other words “openness” is another indicator, which has 
a positive impact on human capital investment because it creates 
higher levels of employment and increased foreign currency 
reserves. Benhabib and Spiegel (2003) interrupted openness and 
life indicators as “human capital.” These indicators correlate 
“human capital” because investment in human capital in real terms 
results in a country’s development.

First Barro and Sala-I Martin (1995), Barro (1996), Barro (2000) 
considered rates in terms of trade as one of the determinants of 
economic growth in an economic growth model. Later a number 
of researchers; Sachs and Warner (1997), Bloom and Malaney 
(1998), Bloom et al. (1989), Gallup and Sachs (2000), Bhargava 
et al. (2001), Yanıkkaya (2003), Söderbom and Teal (2003), Lam 
(2013), Shahbaz and Rahman (2014) used openness indicators with 
the other human capital indicators in the endogenous economic 
growth model.

3.2. Social Infrastructure Indicators
The remaining three of the six indicators are related to social 
infrastructure. These three indicators (life expectancy, secondary 
schooling and GDP per person employed) show significant 
improvements in the standard of living and economic well-being.

3.2.1. Life expectancy at birth, total (years)
A long life span is a frequently used indicator of health, well-
being and efficient workforce. Barro (1996), Barro and Lee 
(1994), Bloom and Malaney (1998), Bloom et al. (2000), Bloom 
et al. (1999), Gallup and Sachs (2000), Bhargava et al. (2001), 
Bloom et al. (2004), van Zon and Muysken (2005), Jack and 
Lewis (2009), Weil (2007) investigated the relationship between 
health and economic growth using life expectancy. The researchers 
found that an improvement in health has a positive and significant 

effect on output. Using cross-country macroeconomic data, 
Bloom et al. (2004), Bloom and Canning (2005) found that good 
health and a resultant positive well-being had as significant and 
important effect on education as on worker productivity and 
wages. Acemoglu and Johnson (2006) reached a similar conclusion 
that an increase in life expectancy, preventing mortality from 
major diseases, led to an increase in population. However, they 
were unable to ascertain any positive effects from data on life 
expectancy to GDP per capita. Castello-Climent and Domenech 
(2006) found that children brought up in underprivileged families 
have a lower life expectancy and the resulting empirical evidence 
indicates human capital inequality has a clear and negative effect 
on life expectancy. Bowser (2010) discovered improvements in 
life expectancy as a result of increased tobacco taxes to also have 
had a positive effect on economic growth in the US.

3.2.2. Secondary school enrollment (% gross)
Levels of educational attainment can be considered an indicator 
of human capital improvement (Breton, 2013. p. 1023). It is also 
observed that indicators of secondary school enrollment have 
been used to determine levels of educational in a workforce. 
Increasing secondary school enrollment increases the number 
of skilled laborers with vocational education, thereby increasing 
macro-economic efficiency.

Lucas (1988), Lau et al. (1991), Barro and Lee (1993), Barro and 
Lee (2000) and Barro and Lee (2001), de la Fuente and Domenech 
(2002), Bassanini and Scarpetta (2001), Bloom and Malaney 
(1998), Gallup and Sachs (2000), Krueger and Lindahl (2001) 
emphasized that GDP growth is positively related to secondary 
school enrollment in developing countries. Bassanini and 
Scarpetta (2001), de la Fuente and Doménech (2002), Acemoglu 
et al. (2014) found that human capital when measured in terms 
of, number of years schooled, showed a positive impact on per 
capita growth. Some researchers such as Stephan (1997), Chatterji 
(1998), Kwabena et al. (2006), Zhang and Zhuang (2011) also 
maintained tertiary education to have had a beneficial effect on 
economic growth.

There is a positive relationship between primary and secondary 
education as a determinant of human capital and economic 
growth since human capital is productive and consumptive, as in 
Pakistan/India Abbas (2000), China Shou-Fu and Zhao (2009), 

Figure 1: Comparative human capability index and its indicators
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India Banerjee and Roy (2014). According to Benhabib and 
Spiegel (2003) human capital has a positive effect on total-factory 
productivity growth rate. Education investment, workers’ savings, 
schooling rates is all positively related to human capital and a 
country’s economic growth (Bildirici et al., 2005. p. 135). Lim 
and Tang (2008) investigated national and global human capital 
inequalities using the education inequality and human capital 
Kuznets curve. They found, human capital inequality is increasing 
in “within-country” although decreasing in “between-country” 
often as a result of migrant workers and international students. 
Tridico (2009) found an investment in health and education and an 
improvement in social institutions causes higher GDP per capita 
in emerging and transition economies.

3.2.3. GDP per person employed (constant 1990 PPP $)
GDP per person employed is an indication of a country’s 
improvement in terms of human capabilities and economic 
performance. This indicator, one of the most important indicators 
of labor productivity, may reflect the quality of life and the 
achievements of benefits from opportunities attained from human 
capital such as education, health (Roth and Thum, 2013. p. 505). 
Differences may be seen between growth rates of GDP per capita 
and GDP per person employed. Labor productivity of some 
countries is higher compared to others.

The first purpose of “Millennium Development Goals,” set by the 
United Nations, is to eradicate poverty and hunger. The growth 
rate of GDP per person employed has been used as an indicator 
(one of eight indicators) to monitor progress. This indicator aims 
to achieve full and productive employment for all, including 
women and the young.

4. DATA DEFINITIONS

We have used a new index CHCI as an indicator of human capital 
in production function, in doing so we have also attempted to 
determine the effect of human capital on economic growth in 
both developed and developing countries. It is assumed that all 
component indicators of the new index have a positive effect on 
economic growth. Component indicator’s indexes of CHCI have 
been calculated using UNDP’s HDI.

Component Indicator’s Index = 
X X

X X
i
−
−

min

max min

  (1)

Xi is the value of these annual indicators for each country. The 
largest and smallest data among the countries has been taken as both 
minimum and maximum values (Xmax and Xmin) for each year in the 
formula. CHCI is based on the arithmetic mean of component indices 
measured using minimum and maximum values for each year on 
the assumption that all variables are of equal weight. Indexes have 
been calculated respectively using maximum and minimum values 
for each year and each country group. CHCI has a value between 0 
and 1; the higher the number is, the more developed the country is.

The formula used to calculate CHCI is:
CHCI = 1/6 (GDP per capita) + 1/6 (savings) + 1/6 (trade) + 1/6 
(life expectancy) + 1/6 (school enrollment) + 1/6 (GDP per person 
employed)

We have used the time-period 1985-2011 for 17 developed and 17 
developing countries. The source of the data is World Development 
Indicators and Global Development Finance.

CHCI value is indicated in 2011 for panel countries in Table 1 
(calculated by us). According to CHCI calculation value, while 
developed countries have the highest rate, developing countries 
have lower rate among 34 panel countries. The first 17 countries 
of CHCI ranking are all developed countries included in the 
panel.

5. ECONOMETRIC METHODOLOGY

The model of this study is built on the classical production function 
framework and is used to analyze the impact of the human capital 
on economic growth. We have applied Breusch and Pagan (1980) 
and Pesaran (2004) Lagrange multiplier (LM) test statistics for 
cross-section dependence. We have also used the panel unit root 
tests (Levin, Lin and Chu [LLC] test, Im, Pesaran and Shin (IPS) 
test and cross-sectionally augumented IPS (CIPS) test developed 
by Levin et al. (2002), Im et al. (2003) and Pesaran (2007), 
respectively. Our panel cointegration analyses were based on the 
Westerlund model (2005). Finally, long-run coefficients were 
established using Pesaran et al. (1999) study.

Table 1: Calculated CHCI values and panel countries list
Rank Countries CHCI-2011
1 Ireland 0.789
2 Netherlands 0.710
3 Norway 0.702
4 Belgium 0.682
5 Switzerland 0.651
6 Denmark 0.632
7 Sweden 0.626
8 Austria 0.600
9 Japan 0.579
10 Finland 0.577
11 France 0.553
12 Canada 0.549
13 Spain 0.545
14 United States 0.530
15 United Kingdom 0.527
16 New Zealand 0.506
17 Italy 0.491
18 Malaysia 0.427
19 Chile 0.408
20 Thailand 0.364
21 China 0.356
22 Argentina 0.333
23 Costa Rica 0.323
24 Bulgaria 0.316
25 Uruguay 0.314
26 Venezuela 0.312
27 Tunisia 0.308
28 Mexico 0.296
29 Peru 0.269
30 Turkey 0.242
31 Colombia 0.237
32 Indonesia 0.202
33 Philippines 0.158
34 India 0.106
CHCI value is indicated in 2011 for panel countries in Table 1 (calculated by us), 
CHCI: Comparative human capability index
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5.1. Testing for Cross-Sectional Dependence
We have examined the significance of cross-sectional correlations 
among residuals. This test for cross-section dependence was 
carried out using the Breusch and Pagan (1980) and Pesaran (2004) 
LM test statistics. The Breusch and Pagan LM test are based on the 
sum of squared coefficients of correlation among cross-sectional 
residuals (ûit) obtained through ordinary least squares. The test 
statistic denoted by CDLM1 can be calculated as:

N 1 N
2

1
i 1 j i 1

ˆLM ijCD ρ
−

= = +

=∑ ∑
  (2)

Where, the ˆij  stands for the sample estimate of the cross-sectional 
correlation among residuals. Under the null hypothesis of no 
cross-sectional correlations, fixed N and T→α, the CDLM1 statistic 
is distributed as Chi-squared with N (N−1)/2 degrees of freedom.

The test statistic CDLM2 can be represented as:

N 1 N
2

LM2 ij
i 1 j i 1

1 ˆ( 1)
( 1)

CD T
N N

ρ
−

= = +

= −
− ∑∑

 (3)

Here it is seen that under the null of no cross-sectional correlations 
with first T→α and then N→α, Pesaran (2004) test statistic (CDLM2) 
is asymptotically distributed as a standard normal.

5.2. Westerlund Cointegration Test
The test of Westerlund (2005) is based on the null hypothesis of 
cointegration that allows for the possibility of multiple structural 
breaks in both the level and trend of a cointegrated panel 
regression. In this model, when variables are non-stationary, the 
model requires these variables to be cointegrated. To this end, 
consider the following empirical specification of our theoretical 
model.

s t M
it ij ij i it it
= + + +α τ β ω( )   (4)

Where, βi is country specific slope parameters that are assumed to 
be constant over time, while αij and τij are again country specific 
intercept and trend parameters that are subject to Mi structural 
breaks. The error is with that which we assumed be generated as;

ω ε
ρ ε

it it it

it it i it

= +
= +−

g
g g

1

 (5)

With εit having a mean zero and stationary distribution that is 
independent across i. The fact that εit is only assumed to be 
stationary means that it can be both heteroskedastic and serially 
correlated.

5.3. Pooled Mean Group (PMG) and MG Tests for 
Long-Run Coefficients
The autoregressive distributed lag (ARDL) model was used 
to estimate long-run equation (Bahmani-Oskooee and Brooks, 
1999; Bahmani-Oskooee and Kutan, 2009). The following sample 
ARDL model:

y y X z u
it i i i t i it i t it
= + + + +−α ϕ γ δ,

1   (6)

For i = 1,2,....,N, t = 1,2.....,T, where, xit is a k × I vector of agent-
specific forcing variables and zt is a vector of common forcing 
variables (Pesaran, 1997. p. 187).

The estimators such as MG estimator, used to estimate individual 
ARDL models, do not allow for the short-run heterogeneity or 
long-run homogeneity related variables in this model. To overcome 
the shortcomings of the individual ARDL models, we have used 
a panel ARDL model and estimated it by making use of the PMG 
estimator. Pesaran et al. (1999) developed two estimators; MG 
estimator and the PMG estimator. The MG estimator imposes 
no restrictions on the parameters of ARDL specifications and 
derives the long-run parameters from an average of the long-
run parameters obtained from the individual ARDL estimates. 
The main shortcoming of this estimator is that it does not allow 
certain parameters to belong to the same cross panel members. 
To overcome this shortcoming of the MG estimator, the PMG 
estimator may be utilized instead. The PMG estimator requires 
the long-run parameters to be the same but allows intercepts, 
error variances, and the short-run parameters to differ freely 
across countries. Thus, it allows for the short-run heterogeneity 
in conjunction with the long-run homogeneity of the variables in 
the panel ARDL model.

This model is able to established and allow for differences between 
alternative model specifications. Tests of homogeneity of long-run 
parameters can be carried out individually or together by employing 
the likelihood ratio or other standard tests. However, Pesaran et al. 
(1999) pointed out that in the case of cross-country studies, these 
tests tend to over reject the homogeneity hypothesis. Therefore, 
we have used Hausman (1978) type test for long-run homogeneity.

5.4. Empirical Model and Results
In recent years, growth theories emphasize the accumulation of 
human capital with an associated period of accelerated growth 
towards a new steady state growth path of output. Ever since 
Uzawa (1965), Nelson and Phelps (1966), Lucas (1988), Romer 
(1990), Mankiw, et al. (1992) various papers have been attributed 
to human capital as a key factor in the stimulation of economic 
growth. This paper aims to contribute to the research over the role 
of human capital on the growth path of output.

We have assumed that the endogenous growth model has the 
following form:

Y K H A L
(t) (t) (t) (t) (t)
= − −α β α β

( )
1  (7)

Where, Y is output; K is physical capital, H is stock of human 
capital. L is labor, A is level of technology; α and β are the partial 
elasticity of output with respect to physical and human capital 
(Mankiw et al., 1992. p. 416).

We have derived an equation for the aggregate output in country 
i, at time t:

y y k l h
i,t i i i,t i i,t i i,t i i,t i,t
= + + + + +−α φ β β β ε

0 1 1 2 3, , , ,
  (8)
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Where, t and i are the time, countries, respectively. ε is the usual 
error term. y denotes GDP growth (annual %); k is gross fixed 
capital formation (constant 2005 US$); l is total labor force in 
millions; and h is CHCI.

5.4.1. Cross-sectional dependence test results
We examined the significance of cross-sectional correlations 
among residuals. The tests statistics with their corresponding 
probabilities are shown in Tables 2 and 3.

The correlations among cross-sectional residuals are highly 
significant according to CDLM1 and CDLM2 tests. As a result, we 
have allowed for the cross-section dependence when testing the 
stationarity of the series.

5.4.2. Panel unit root test results
We first examined the stationarity of developed countries and 
developing countries for panel data sets. We used LLC, IPS and 
CIPS developed by Levin et al. (2002), Im et al. (2003) and Pesaran 
(2007) panel unit root tests, respectively.

As indicated in the Tables 4 and 5, we observed that all the 
variables appear to be stationary especially for the first difference. 

We can also observe that all the variables seem to be stationary 
especially in the level and for the first difference in Tables 4 and 5. 
The results indicate that the null of non-stationarity cannot be 
rejected in only LLCt-stat in level for k, l, IPSW-stat in level k, l and 
CIPSstat in level in level for h.

5.4.3. Cointegration tests results
Westerlund (2005) cointegration test is done to test the null 
hypothesis of cointegration against the alternative of non-
cointegration, which is equivalent to testing H0: σi

2 = 0 for 
all i against H1: σi

2 > 0 for some i.

Table 6 indicates that the null hypothesis of cointegration is 
strongly rejected for the no break-model and asymptotic normal 
distribution. However, these results should be interpreted with 
caution, as erroneous omissions of structural breaks are known to 
make this type of test biased towards cointegration. “Break-model” 
is the null hypothesis of cointegration is also unable to reject an 
asymptotic normal distribution. Indeed, if we allow for structural 
shifts as well as cross-country dependence, the null hypothesis of 
cointegration cannot be rejected at the 10% of level bootstrapped 
distribution. This finding suggests that the variables are in fact 
cointegrated, which is evident in the model.

Table 2: Cross-sectional dependence test results (Developed countries)
Test 
statistic

Y k L H
Value P Value P Value P Value P

CDLM1 224.7362 0.0000 223.6912 0.0000 184.2695 0.0037 296.5343 0.0000
CDLM2 5.3804 0.0000 5.3170 0.0000 2.9267 0.0017 9.7338 0.0000

Table 3: Cross-sectional dependence test results (Developing countries)
Test 
statistic

Y k L H
Value P Value P Value P Value P

CDLM1 174.5802 0.0143 189.1868 0.0017 474.5116 0.0000 258.4236 0.0000
CDLM2 2.3392 0.0096 3.2249 0.0006 20.5252 0.0000 7.4230 0.0000

Table 4: Panel unit roots tests results (Developed countries)
Coefficient LLCt-stat IPSW-stat CIPSstat

Level First D Level First D Level First D
y −6.122*** −7.483*** −2.987*** −7.046*** −4.269*** −5.342***
k −1.881 −3.867*** −0.077 −3.422*** −2.926*** 3.830***
l −3.966*** 7.299*** −2.152** −6.472*** −2.402** −2.563**
h −4.327*** −12.14*** −1.464* −11.58*** −1.99 −2.681*
***, ** and * indicate the rejection of the null hypothesis at 1%, 5% and 10% level of significance, respectively. The lag lengths are selected using AIC. Newey-West bandwidth selection 
with Bartlett kernel is used for both LLC test. The critical values for the CIPS test were obtained from Pesaran (2007), Table 2c (Case III: Intercept and trend), LLS: Levin, Lin and Chu, 
IPS: Im, Pesaran and Shin, CIPS: Cross-sectionally Augumented IPS

Table 5: Panel unit roots tests results (Developing countries)
Coefficient LLCt-stat IPSW-stat CIPSstat

Level First D Level First D Level First D
y −5.269*** −9.880*** −6.449*** 14.01*** −4.131*** 4.927***
k −1.403* −7.574*** −2.349*** −9.180*** −4.600*** 5.127***
l 1.265 −3.504*** 1.451 −4.889*** −3.625*** −4.235***
h −3.703*** −8.064*** −2.984*** −10.74*** −2.743** −4.012***
***, ** and * indicate the rejection of the null hypothesis at 1%, 5% and 10% level of significance, respectively. The lag lengths are selected using AIC. Newey-West bandwidth selection 
with Bartlett kernel is used for both LLC test. The critical values for the CIPS test were obtained from Pesaran (2007), Table 2c (Case III: Intercept and trend), LLS: Levin, Lin and Chu, 
IPS: Im, Pesaran and Shin, CIPS: Cross-Sectionally Augumented IPS
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5.4.4. Estimation of long-run coefficients
Table 7 indicates the alternative estimation for both developed and 
developing countries: MG, which imposes no restrictions; PMG 
which imposes common long-run effects and dynamic fixed effects 
which constrains all of the slope coefficients and error variances 
to be same (Pesaran et al., 1999. p. 628).

The negative and significant error correction coefficients (Øi) 
illustrated on Table 7 indicates not only the presence of the 
cointegration among the variables but also the adjustment towards 
equilibrium between variables and economic growth.

The Hausman test indicates that the null hypothesis of the long-
run homogeneity for each variable cannot be rejected at 1% level 
of significance. This justifies a use of the PMG estimator, which 
is consistent and efficient under the long-run homogeneity. 
Therefore the use of the PMG estimator seems to be more 
applicable than the MG estimator. The diagnostic test results 
reported in Table 7 shows the absence of any autocorrelations 
or heteroscedasticity in the individual equations, as can be seen 
in the long-run coefficients in Table 7. While a 1% increase in 
CHCI increases economic growth by 4.50% in the developed 
countries, and a 1% increase in CHCI increases economic 
growth by 1.15% in the developing countries, demonstrating 

CHCI has a greater influence on economic growth in the 
developed countries.

6. CONCLUSIONS

In this study, we tried to test the effect of human capabilities on 
economic growth establishing an endogenous growth model. 
For this purpose, we have taken steps to calculate a new human 
capital index called CHCI. This index consists of two main 
criteria; economic wealth (GDP per capita, domestic savings/
GDP, trade/GDP) and social infrastructure (life expectancy, 
secondary schooling, GDP per person employed). Economic 
wealth indicators show the level of domestic-foreign income 
and investment in human capabilities in a given country. 
The impact of human capabilities on economic growth is 
strengthened when economic wealth is substantial and stable. 
Accordingly, social infrastructure indicators, which include 
health and education capabilities and productivity of labor, 
increase the efficiency of human capital on production by 
preventing deprivations.

CHCI may provide an alternative method of comparing the 
human capital level among and within countries. We have 
examined the role of human capital on economic growth in 17 
developed and 17 developing countries over the 1985-2011 
periods. Therefore, we have estimated individual long-run 
coefficients in both developed and developing countries in 
our model. We have found supportive evidence that human 
capabilities have a positive and significant effect on economic 
growth in both groups of countries. In addition to these findings, 
our results have indicated varying impacts of human capabilities 
on developed and developing countries. The CHCI coefficient 
(4.50) in developed countries is higher than CHCI coefficient 
(1.15) in developing countries. Therefore it can be said human 
capabilities have a greater effect on economic growth in 
developed countries than developing countries. CHCI provides 
an alternative method of comparison when determining levels 

Table 6: Cointegration tests results (developed and 
developing countries)
Model Developed countries Developing countries

Test Cointegration 
test

Test Cointegration 
test

No breaks Value 6.774 Value 5.729
P valuea 0.012 P valuea 0.000
P valueb 0.973 P valueb 0.872

Breaks Value 6.453 Value 5.495
P valuea 0.007 P valuea 0.004
P valueb 0.992 P valueb 0.961

The P valuea is based on the asymptotic normal distribution. The P valueb is based on the 
bootstrapped distribution. We use 500 bootstrap replications

Table 7: Results for PMG and MG panel ARDL (1,1,1,0)
Coefficient Developed countries Developing countries

PMG MG DFE PMG MG DFE Hausman test
Long-run coefficient

y 0.001 (0.037) −0.044 (0.039) 0.031 (0.044) 0.156 (0.047) 0.210 (0.075) 0.203 (0.047) 0.87/9.51 (0.35)/(0.07)
k −0.168 (0.043) −0.088 (0.108) −0.123 (0.049) −0.063 (0.041) 0.142 (0.233) 0.647 (0.060) 0.80/0.65 (0.37)/(0.42)
l −0.039 (0.042) −0.315 (0.135) −0.068 (0.054) 0.083 (0.039) −0.219 (0.162) 0.048 (0.050) 3.67/4.63 (0.06)/0.06
h 4.507 (1.569) 14.736 (3.446) 5.757 (1.639) 1.156 (3.586) 17.431 (7.165) 4.040 (4.025) 4.88/9.04 (0.05)/(0.08)

Error correction 
coefficient

Ø −0.750 (0.067) −0.936 (0.067) −0.729 (0.045) −0.831 (0.077) −0.976 (0.073) −0.913 (0.045)
Short-run coefficient

∆y 0.001 (0.000) 0.041 (0.034) 0.023 (0.032) 0.130 (0.012) 0.170 (0.059) 0.187 (0.044)
∆k −0.126 (0.011) −0.063 (0.094) −0.090 (0.035) −0.052 (0.005) 0.087 (0.204) 0.059 (0.055)
∆l −0.029 (0.003) −0.297 (0.141) −0.050 (0.039) 0.069 (0.006) −0.083 (0.110) 0.043 (0.935)
∆h 3.378 (0.301) 13.159 (3.614) 4.197 (1.214) 0.960 (0.089) 12.915 (5.651) 3.693 (3.679)

Diagnostics
Log-like −530.3 −457.6 −647.6 −873.4 −815.4 −992.4
χ2 SC −28.29 −20.28 −72.33 68.82 68.51 4.26
χ2 HE 0.86 0.66 22.42 0.44 2.52 13.85

The maximum number of lags for each variable is set at two, and optimal lag lengths are selected by the AIC. χ2
SC, χ2

HE denote Chi-squared statistics to test for no residual serial correlation 
and homoscedasticity, respectively, PMG: Pooled mean group, DFE: Dynamic fixed effects, ARDL: Autoregressive distributed lag
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of human capital. CHCI value of developed countries is quite 
higher than developing countries similarly to other human 
capital indexes (Anand and Ravallion, 1993; Ravallion, 1997; 
Ranis et al., 2000; Ranis, 2004; Mukherjee, and Chakraborty, 
2010). Finally, any appreciable development in economic wealth 
and social infrastructure emerge as more significant in terms 
of economic growth in developed countries than in developing 
countries. For approximately the last 30 years both physical and 
human capital accumulation have been the overriding concerns 
in the development of advanced technologies and sustainable 
growth in developed countries.
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